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S S2,™flJ I™ 1 ™™* PHOTOSENSmVE EPOXY RESIN COMPOSITION AND PRINTED CIRCUIT BOARD USING 
1 He £*AME 

O (ST) Abstract: A positive type, photosensitive epoxy resin composition comprising (a) an epoxy resin having two or more epoxy 
^ groups .n one molecule, (b) a modified phenolic resin having a triazine ring, (c) a latent basic curing agent and (d) a photosensitive 
acid 8 enera ">r. Md a preferably multilayered printed circuit board of buildup mode using said composition as an insulating layer. 



Positive type photosensitive epoxy resin composition and printed drcufFooard using the 
same 



The present invention relates to a positive type photosensitive^^ 
composition successfully usable as an i rt^ulating lay Trlaia printed circuit boardM or 
instance as a solder resist layer or, particularly as an interlaminar insulating layer in a 
multilayered printed circuit board of buildup mode in which conductor circuit layers and 
interlaminar insulating layers are piled up alternately; and a method for producing a 
multilayered printed circuit board of buildup mode using said epoxy resin composition. 

The desire of the time for the size and enhancing the performance of electronic 
devices has promoted various rapid progresses in the field of mounting substrate, such as 
making thinner the wiring of multilayered printed circuit board in which substrate circuits are 
formed into a multilayered structure, increasing the number of layers and enhancing the 
density of wiring. As its result, prior multilayered wiring boards in which the wiring layers are. 
connected by through-holes have become incapable of coping with the desire for enhancing 
the wiring density because of the large area occupied by through-holes. For such a reason, 
multilayered circuit board of buildup mode is actively studied in the recent years. In a 
multilayered printed circuit board of buildup mode, the wiring layers are connected one 
another through minute holes called 'Via holes". 

As the interlaminar insulating layer thereof, epoxy resin compositions are used 
because of excellent electrical properties and adhesive properties of the compositions and 
excellent mechanical properties of the cured products thereof. 

In addition, an interlaminar insulating layer is required to be flame-retarded from the 
viewpoint of safety, as typified by glass fiber-reinforced epoxy printed circuit boards, and 
they are flame-retarded by the use of haiides (an example thereof is the brominated epoxy 
resin) or antimony compounds. In the recent years, however, the official regulation on the 
materials using haiides such as bromides and the like and antimony compounds is 
becoming severer. In view of such a state of things, thermosetting interlaminar insulating 
layers using a triazine ring-containing epoxy resin as a curing agent for epoxy resin have 
b6en proposed (JP-A 11-87927, 11-1547, and 11-343398). 

A buildup multilayered printed circuit board of photo-via mode using a photosensitive 
resin as interlaminar insulating layers on which via holes are formed by the 
photolithographic method has also been proposed. A buildup multilayered printed circuit 
board of photo-via type can decrease the diameter of vla-hotes, so that the area occupied 



by through-holes can be lessened to a great extent and, at the same time, many via-holes 
can be formed at once. Examples thereof include the negative type photosensitive resin 
compositions constituted of epoxy acrylate and epoxy resin (JP-A 9-40751, 10-36682, 10- 
173336); the negative type photosensitive resin compositions which are cured by the use of 
epoxy resin, novolac type epoxy resin and acrylate (JP-A 11-30855); the negative type 
photosensitive resin compositions in which an epoxy resin and a resol type phenolic resin 
are cured with a cationic photo-initiator (JP-A 5-136575); and the negative type 
photosensitive resin compositions composed mainly of a chalcone-contatning bisphenol- 
epichlorohydrin type epoxy resin (JP-A 8-236945). 

The above-mentioned interlaminar insulating layer using a triazine ring-containing 
phenolic compound as a curing agent for epoxy resin can achieve flame-retardation without 
use of brominated epoxy resin. However, this type of compositions are thermosetting, so 
that via-holes can be formed only by heat-curing the composition and thereafter forming the 
holes one by one by means of carbon dioxide laser. It takes a long period of time to 
produce a printed circuit board having a number of via-holes by such a method. 

Further, prior epoxy resin compositions having photosensitivity have been difficult to 
flame-retard without use of brominated epoxy resin. Further, the above-mentioned 
photosensitive resin compositions are of negative type in which an area exposed to active 
energy beam cures and the unexposed area is removed by the process of development 
Accordingly, the active energy beam is absorbed into resin and diffused at the time of 
exposure and the extent of cure differs with depth of interlaminar layer, due to which the via 
holes formed by development assume an inversely tapered shape. This can deteriorate the 
throwing power in the subsequent copper-plating step and thereby cause a defective 
connection. * 

In view of the above, it is an object of the present invention to provide a positive type 
photosensitive epoxy resin composition which makes it possible to realize flame-retardation 
without use of brominated epoxy resin and, at the same time, to form regularly tapered via- 
holes by a lithographic method in which the exposed area is removed by the procedure of 
development 

In order to achieve the object mentioned above, the present invention provides a 
flame-retardant positive type photosensitive epoxy resin composition comprising (a) an 
epoxy resin having two or more epoxy groups in one molecule, (b) a modified phenolic resin 
having a triazine ring, (c) a basic curing agent and (d) a photosensitive acid generator as 
essential ingredients from which an area exposed to active energy beam can be eliminated 



-3- 



by a procedure of development; a method for forming an insulating layer using said epoxy 
resin composition and a printed circuit layer board comprising such an insulating layer, in 
particular a multilayered printed circuit board of buildup mode comprising at least one of 
said insulating layers as intertaminar layer. 

The ingredients constituting the positive type photosensitive epoxy resin composition 
of the pres ent inve ntion will be explained below. 

l33&j gpoxy resj p> used in the present invention can be obtained by a known process 
which comprise s reacting a divalent or polyvalent, mononuclear or polynuclear phenol 
compound with epichlorohyd rin in the presence of an alkaline catalyst 

As the divalent phenol compound, for example, the following can be referred to: 
resorcinol, hydroquinone, pyrocatechin, l.^ihydroxy^.S-tert-butyl-benzene, 1,4- 
dihydroxynaphthalene, 4,4 , -dihydroxy-biphenyl l 4 l 4 , -dihydroxy-3 l 3 , ,5 f 5 , -tetramethylbiphenyl, 
Bisphenol F, 1,1-bis(4-hydroxyphenyl)ethane, Bisphenol A, bis(4-hydroxyphenyl)- 
methylphenyl-methane, bis(4-hyroxyphenyl)-tolyl-methane l 1,1-bis(4- 
hydroxyphenyQcyclohexane, bis(4-hydroxyphenyl)dicyclopentane, bis(4-hydroxy-3,5- 
dimethylphenyl)dicyclopentane f 4-[1-[4^4-hydroxy-3-methylphenyl)^methylcyclohe^l]-1- 
methylethyl]-2-methylphenol, 4,449H-fluoren-9-yHdene)bisphenol, 4,4- 
dihydroxybenzophenone, bis(4-hydroxyphenyl) sulfone, bis(4-hydroxyphenyl) sulfide, bls(4- 
hydroxy-3 t 5-dimethylphenyl)methane, 2 l 2-bis(4-hydroxy-3,5-dimethylphenyl)propane l 4,4- 
[1 .S-phenylenebisfl-methylethylidene^.Z^.e-bisphenol, 4,441 ,4-phenylenebis(1- 
methylethylidenefl^'.e.B-bisphenol and bis(4-hydroxy-3,5-dimethylphenyl)methane. 

As the trisphenols which belong to polyphenol compounds, 4,4 , l 4 ,, -methylidyne- 
trisphenol, 4,4 , ,4 H -ethylidyne-trisphenol and 4,441-4-[2(4-hydroxyphenyl)-2- 
propyl]phenyl]ethylidene]bisphenol can be referred to. 

As the tetrakisphenol which belong to polyphenol compounds, l.l^-tetrakis^ 
hydroxyphenyi)ethane can be referred to. 

Novolacs which belong to polyvalent phenol compounds can be obtained according to 
the known process which comprises reacting a Afunctional or tri- or higher-functional, 
mononuclear or polynuclear phenol compound is reacted, in the form of a single compound 
or a mixture of two or more compounds, with an aldehyde such as formaldehyde, 
paraformaldehyde, trioxane, acetaldehyde, benzaldehyde or the like or with an unsaturated 
alicycllc hydrocarbon such as dicyclopentadiene, cyclic terpene and the like or with 
methoxydimethylbenzene in the presence of an add catalyst As said Afunctional or tri- or 
higher-functional, mononuclear or polynuclear phenol compound, the following can be 
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referred to: phenol, p-cresol^-cresol, m-cresol, p-ethylphenol, p-propTlphenol, p-tert- 
butylphehol, p-octylphenol, p-methoxyphenol, p-nonylphenol, 1-naphthol, 2-naphthol, 3,5- 
xylenol, resorcinol, catechol, Bisphenol A and Bisphenol F. 

As epoxy resins other than the above, the following can be referred to: glycidylamines 
obtained by reacting epichlorohydrin with an amine having at least two amino-hydrogen 
atoms and then dehydrochlorinating the reaction product, such as N.N-diglya'dylaniline, 
N,N-tetraglyddyK4'-diaminodiphenylmethane, N-diglyddyl-4-amino-phenyl glycidyl ether 
and the like; heterocyclic epoxy resins obtained by reacting a heterocyclic compound with 
epichlorohydrin, such as triglycidyl isocyanurate, S.S-dimethyl-N.N'-diglycidylhydantoin and 
the like; glycidyl esters of polybasic aromatic, aliphatic and alicydic carboxylic acids, such 
as diglycidyl terephthalate, diglycidyl adipate, diglycidyl hexahydrophthalate, triglycidyl 
trimellitate, diglycidyl ester of dimerized unsaturated fatty acid and the like; glycidylesters of 
(meth)acrylic acid and polyglycidylesters of (meth)acrylic acid polymers and copolymers, 
polyglycidyl ethers obtained by reacting a polyhydric alcohol-containing compound with 
epichlorohydrin under an alkaline condition or in the presence of a phase-transfer catalyst 
and an alkali or by reacting a polyhydric alcohol-containing compound in the presence of an 
acid catalyst and then treating the product with an alkali, such as butane-1 ,4-diglycidyl 
ether, hexane-1,6-diglycidyl ether, polypropylene glycol diglycidyl ether, trimethylolpropane 
glycidyl ether, 2,2-(bis(4-hydroxycyclohexyl)propane diglycidyl ether, diglycidyl ether 
obtained by reacting Bisphenol A with propylene oxide and then reacting the reaction 
product with epichlorohydrin, diglycidyl ether obtained by reacting Bisphenol A with butyl 
glycidyl ether and then reacting the reaction product with epichlorohydrin, glycidyl ether of 
polybutadiene having a terminal hydroxyl group; and the like. As examples of the epoxy 
resins which are not glycidyl compound, the following can be referred to: vinylcyclohexane 
diepoxide, dicydopentadiene epoxide, alicydic epoxy resins such as 3-(3',4'- 
epoxycydohexyl)-8,9-epoxy-2,4-dioxaspiro[5.5]undecane, 3,4-epoxycydohexylmethyl-3\4'- 
epoxycydohexanecarboxylate, bis(3,4-epoxycydohexyl) adipate and the like, and 
epoxidized polybutadiene. 

Further, epoxy resins having an oxazolidone ring in the molecule thereof which are 
described in WO90/15089 can be referred to. The use of an epoxy resin having an 
oxazolidone ring makes it possible to improve the heat resistance of interiaminar insulating 
layer. Preferable epoxy resins having an oxazolidone ring and an epoxy group are reaction 
products between an epoxy resin having an epoxy equivalent of 170-210 g/mol such as 
Bisphenol A type epoxy r sin, Bisphenol F type epoxy resin or 4,4',4"-methylidyne trisphenyl 
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glycidyl ether and the like arrcra bifunctional isocyanatefcuch as tolylewdiisocyanate, 
hexarnethylene diisocyanate, methylenediphenyl diisocyanate and the like. 



VPreferab l) epoxy resins a re Bisphenol A type epoxy resin, Bisphenol F type epoxy 
resin, phenol novolac type epoxv jesin. cresol novolac type epoxy resin, and epoxy resin 



having an oxazolidone ring in the molecule thereofj Preferable Bisphenol A type epoxy 
resin and Bisphenol F type epoxy resin have an epoxy equivalent of 175 to 3,000 g/mol. A 
further preferable epoxy resin is Bisphenol A type epoxy resin having an epoxy equivalent 
of 400 to 1 ,000 g/mol and a softening point of 40°C to 100°C. A preferable novolac type 
epoxy resin has an epoxy equivalent of 175 to 230 g/mol, and a preferable oxozolidone 
ring-containing epoxy resin has an epoxy equivalent of 230 to 500 g/mol and an 
oxazolidone ring equivalent of 400 to 1,300 g/mol, and a softening point of 50°C to 120°C. 
Preferably, these epoxy resins have a hydrolyzable chlorine content of 1,000 ppm or 
less.Preferably, these epoxy resins have an alpha(?)-glycol content of 100 mot/kg or less. 

These epoxy resins may be used either alone or in combination of several species in 
accordance with the object of use. In the selection of combination of the epoxy resins, it is 
important to compound the epoxy resins so that the composition does not adhere to 
photomask at the time of exposure, and it is desirable that softening point of the 
composition is not higher than 100°C so that the composition can be developed with a 
developing solution. When an epoxy resin having a softening point higher than 100°C is . . 
used, it is possible to used in combination therewith a liquid (at normal temperature) 
Bisphenol A type epoxy resin having an epoxy equivalent of 175 to 210 g/mol in an amount 
of 2 to 15% by weight, for the purpose of realizing a desirable softening point Preferably 
the softening point of the composition is not higher than 60°C. 

As the modified phenolic resins having a triazine ring which can be used in the 
present invention, polycondensates formed between a phenol compound, a compound 
having a triazine ring and an aldehyde can be referred to. As the phenol compound, 
phenol, p-cresol, o-cresol, m-cresol, p-ethylphenol, p-propylphenol, p-tert-butylphenol, p- 
octylphenol, p-methoxyphenol, p-nonylphenol, 1-naphthol, 2-naphthol, 3,5-xylenol, 
resorcinol, catechol, Bisphenol A, Bisphenol F and the like can be referred to, which may be 
used alone or in combination of two or more. As the compound having a triazine ring, 
melamine and guanamines such as benzoguanamine, acetoguanamine and the like can be 
referred to, which may be used alone or in combination of two or more. As the aldehyde, 





-6- 



formaldehyde, para-formalde^de, trioxane, acetaldehyde, benzaldeWre and the like can 
be referred to. 

Among the modified phenolic resins having a triazine ring, preferred are those having 
a phenolic hydroxy! equivalent of 120 to 300 g/mol, a softening point of 80°C to 150°C and 
a nitrogen content of 4 to 25% by weight, and further preferable are those having a phenolic 
hydroxyl equivalent of 150 to 250 g/mol, a softening point of 90°C to 140°C and a nitrogen 
content of 1 5 to 25% by weight The triazine ring-containing modified phenolic resin is 
compounded with epoxy resin preferably in such an amount that the quantity of phenolic 
hydroxyl group of the triazine ring-containing modified phenolic resin comes to 0.2 to 0.8 
equivalent per equivalent of the epoxy group in the epoxy resin, and further preferably in 
such an amount that the quantity of hydroxyl group of the triazine ring-containing modified 
phenolic resin comes to 0.2 to 0.5 equivalent per equivalent of the epoxy group in the epoxy 
resin. 

Any latent basic curing agent for epoxy resins may be used for the purposes of the 
instant invention, for instance tertiary amine curing agents, in particular N.N.N'.N'- 
tetramethyl-1,3-butane diamine, benzyldimethylamine, 2-dimethylamino-2-hydroxypropane, 
2-(dimethylaminomethyl)phenol or 2,4,6-tris(dimethylaminoethy0phenol, latent urea curing 
agents like, for instance,2-chloro-4-(N,N , -dimethylurBido)-toluene, 2-(N,N'- 
dimethylureido)phenol, 4-(N,N'dimethylureido)-chlorobenzene, and latent imidazole curing 
agents like the following imidazole compounds: 1-methylimidazoIe, 2-methylimidazole, 2- 
ethylimidazole, 2-undecylimidazole,2-heptadecylimidazole, 1,2-dimethyIimidazole, 2-ethyl- 
4-methylimkJazoie, l-methyl-2-ethylimidazole, 2-phenylimidazole, 2-phenyM-ethylimidazole, 
1-benzyl-2-phenylimidazole, 1-benzyl-2-methylimidazole, 1-cyanoethyl-2-methylimidazole, 
1-cyanoethyl-2-ethyM-methylimidazole, 1-cyanoethyl-2-undecylimidazole, 1-cyanoethyl-2- 
phenylimidazole, 2-phenyl-4,5-dihydroxymethylimidazole, 2-phenyl-4-methyl-5- 
hydroxymethylimidazole, 1-cyanoethyl-2-phenyl-4,5-di(2-cyanoethoxy)methylimldazole, and 
epoxy adducts formed between these imidazole compounds and epoxy resins. 

As examples of the epoxy adduct, adduct between 2-methylimidazole and Bisphenol 
A type epoxy resin, adduct between 2-ethyM-methylimidazoie and Bisphenol A type epoxy 
resin, adduct between 2-phenylimidazole and Bisphenol A type epoxy resin, adduct 
between 2-methylimidazole and cresyl glycidyl ether, adduct between 2-phenylimidazole 
and cresyl glycicyl ether, and the like can be referred to. 
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Said epoxy adduct conrains at least one kind of imidazole compwid preferably in an 
amount of 0.01 to 0.10 equivalent and further preferably in an amount of 0.015 to 0.04 
equivalent per equivalent of the epoxy group of epoxy resin. 

Imidazole compounds like those mentioned beforehand are the preferred latent basic curing 
agents for the purposes of the invention. The term "latent" is used to clarify that only curing 
agents which do not render a hardening reaction possible at low temperatures are intended 
to be used for the instant invention. For use in accordance with the invention it is 
advantageous to use basic curing agents with which the hardening reaction only tajkes 
place at an elevated temperature, preferably above 80°C and especially above 100°C. 

As the photosensitive acid generator, those compounds which can be influenced by 
active energy beam can be used, and examples thereof include aryl diazonium 
salts;diaryliodonium salts such as diphenyliodonium tetrafluoroborate and the like; 
triarylsulfonium salts such as triphenylsulfonium hexafluoroantimonate and the like; arylacyl 
dialkylsulfonium salts; 1 ,2-quinonediazide calboxylic acid-4-ester group; 1,2-quinonediazide 
sulfonic acid-4-ester group such as 4*trihydroxybenzophenone-1,2-naphthoquinonediazide- 
4-sulfonic acid ester, 4-(2-ethylhexanoyl)resorcinoH I 2-naphthoquinonediazide-4-sulfonic 
acid ester and the like and iron arena complex compounds. Among these photosensitive 
acid generators, preferable are iron arene complex compounds represented by the 
following formula: 

[R^Fe^fpq" 

In this formula, R 1 represents it-arena and R 2 represents n-arene or ic-arene anion. R 1 
preferably represents rf-cumene, if-naphthalene, rf-benzene orrf-pyrene. R 2 preferably 
represents an anion of rf-cydopentadiene. X represents a non-nucleophlllc anion. 
Preferable examples of X include BF 4 \ PF 6 \ AsF 6 ', SbF 6 \ SbF 5 OH"; sulfonates such as 
methylsulfonate, p-toluenesulfonate and the like; perfluoroalkylsulfonates such as 
trifluoromethylsulfonate, nonafluorobutylsulfonate and the like; acetates such as CH 3 COO" 
and the like; perfluoroacetates such as CF 3 COO* and the like; halides such as F, Cr, Br, r 
and the like; and pseudo-halides such as CN', SCN" and the like. Further preferably, X 
represents a sulfonate, a perfluorosulfonate or PF 6 ". 

The composition contains at least one iron arene complex compound preferably in an 
amount of 0.2 to 1 .4 equivalents and further preferably in an amount of 0.4 to 0.95 
equivalent per equivalent of the imidazole compound. 
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l^^sent invention can be divided into fli^^ j 



The composition of thepresent invention can be divided into flurcra and fluid B with 
consid ration of storage stability. The modes of the division are, for example, as follows: 
Fluid A = epoxy resin, Fluid B = triazine ring-containing modified phenolic resin, imidazole 
compound and photosensitive acid generator; Fluid A = epoxy resin and photosensitive acid 
generator, Fluid B = triazine ring-containing modified phenolic resin and imidazole 
compound. Preferably the fluid A and fluid B are mixed together just before the coating 
process. 

In order to improve the follow-up property of the composition of the present invention 
to the conductor circuit pattern formed on the substrate and the leveling property thereof, 
the composition of the present invention may be diluted with a solvent to adjust its viscosity 
to a desired value. Organic solvents usable for this purpose include, for example, ketones 
such as acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone and the like; 
aromatic hydrocarbons such as toluene, xylene and the like; cellosolves such as cellosolve, 
butyl cellosolve and the like; carbitols such as methyl carbitol, dimethyl carbitol, butyl 
carbitol and the like; carboxyllc esters such as ethyl acetate, butyl acetate, cellosolve 
acetate, butyl cellosolve acetate, methoxypropyl acetate, carbitol acetate, butyl carbitol 
acetate, y-butyrolactone and the like; alcohols such as butanol, methoxypropanol and the 
like; N-methyi-2-pyrrolidone, N, N-dimethytformamide, and dimethylacetamide. These 
solvents may be used alone or in the form of a mixture of two or more. Preferably, the 
composition which has been diluted with the solvent has a viscosity of 200 to 30,000 
mPa^s. 

If desired, the composition of the present invention may contain knowri ^ditivesj p) 
addition to the above. Examples of such additives include inorganic fillers such as barium 
sulfate, barium titanate, silicon oxide, talc, calcium carbonate, ammonium phosphate, mica, 
magnesium hydroxide, aluminum hydroxide and the like; organic fillers such as silicone 
powder, nylon powder, fluoride powder and the like; thixotropic agents such as Aerosil, 
Orben, benton, montmorillonite and the like; ^oilslich as Phthalocyanine Blue^ 
Phthalocyanine Gre en, Crystal Violet titanium oxide and the like; antifoaming agents of 
silicone type and fluoride type; leveling agents such as silicone acryl and the like; silane 
coupling agents; adhesion Improvers such as mer captotetrazole and the like; anticoagulants 
for fillers; and antioxidants. In order to prevent the occurrence of a reaction at an 
excessively early stage due to unexpected irradiation, an ultraviolet absorber and/or a 
yellow- or red-colored organic dyes are added in small amounts. Some of the fillers, 
colorants and thixotropic agents are insoluble in organic solvent, and they may be any of 



globular ones, needle-like ones and amorphous ones are all usable, anoThe surface thereof 
may be treated with silane coupler or not treated. Preferably, the mean particle diameter is 
10 urn or less and the quantity of filler added is 35% by weight or less. In a case where the 
composition contains a small amount of additive having a mean particle diameter greater 
than 10 um, such great particles can advantageously be filtered off before the coating 
process onto the inner layer substrate. Preferably, the additives used for regulating the 
interface such as antifoaming agent, leveling agent and adhesion improver are used in an 
amount of 0.02 to 2% by weight 

Further, if desired, a sensitizer may be added for the purpose of enhancing 
photosensitivity. Examples of the sensitizer include anthracenes such as 9,10- 
diethoxyanthracene, 9-methylantjhracene and the like; acetophenones such as 
acetophenone, dimethoxyphenyl-acetophenone and the like; and thioxanthones such as 2- 
isopropylthioxanthone, diethyKhioxanthone and the like. 

For compounding the above-mentioned additives into the composition of the present 
invention, the mixture is preliminarily kneaded with planetary mixer, homogenizeror the like 
and then the mixture is finely dispersed by means of triple roll mill, wet ball mill, wet beads 
mill or the like. 

Further, in order to improve tenacity of the positive type photosensitive epoxy resin 
composition of the present invention, a known thermoplastic resin or a rubbery, component 
may be used. As said thermoplastic resin, phenoxy resin, polytetrafluoroethylene, 
polyethylene terephthalate, polysulfone, polyphenylene sulfide, polyether sulfone, 
thermoplastic polyimide, polyphenylene ether, modified polyphenylene ether, polyethylene 
naphthalate, polyether ether ketone, polyvinyl butyral resin and the like can be used. As 
said rubbery component, polybutadiene rubber, acrylonitrile-butadiene rubber, carboxyl 
group-containing acrylonitrile-butadiene rubber, encapsulated polybutadiene rubber and the 
like can be used. 

Further, if aqueous alkaline developabilty is desired, the epoxy composition according 
to the invention can contain an additional binder whtehi ssoluble in aqueous alkaline 
solutions, for example a polyphenol or a mixture of polyphenols, he. a polymer having a 
specific content of phenolic hydroxy! groups. The content should at least be sufficiently high 
to ensure development, or at least a swelling, In the aqueous alkaline solution of developer. 
Suitable film-forming binders, soluble in aqueous alkaline solutions include the following 
groups: 
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(i) novolaks formed from at least one phenol and at least one aldehyde, 

(ii) ho mopd^ of alk envl phenols and, in particular, - — - 

(Hi) homopolymers and copolymers of N-hydroxyphenylmaleinimides. 
Such binders are described in more detail in US-Patent 5,124,233, the disclosure of which 
is considered as being incorporated into the instant description. 

It is as well possible to impart the instant epoxy compositions a developability in 
aqueous alkaline solutions by incorporating a sufficient amount of additives of low molecular 
weight to the epoxy composition which render the composition soluble or at least swellable 
in aqueous alkali, for instance monomeric phenolic compounds. 

The compositions of the instant invention are useful for manufacturing insulating 
layers in particular for use in printed circuit board technology. 

Accordingly the instant invention relates also to a method for forming an insulating 
layer characterized by coating a substrate with a positive type photosensitive epoxy resin 
composition comprising (a) an epoxy resin having two or more epoxy groups in one 
molecule, (b) a modified phenolic resin having a triazine ring, (c) an imidazole compound 
and (d) a photosensitive acid generator, followed by a step of preliminary drying at a 
temperature not higher than the temperature at which the subsequent heat curing step (I) is 
to be carried out, a step of imagewise irradiating the coating with an active energy beam, for 
instance through a photomask, a heat curing step (I), a step of dissolving and eliminating 
the exposed area, and an additional heat curing step (II). 

Furthermore the instant invention relates to a printed circuit board comprising an 
insulating layer prepared with the aid of a positive type photosensitive epoxy resin 
composition as described above, in particular to a multilayered printed board of buildup 
mode which comprises at least one interiaminar insulating layer prepared with the aid of 
said positive type photosensitive epoxy resin composition 

Next, the method for preparing such a multilayered printed circuit board of buildup 
mode using the positive type photosensitive epoxy resin composition of the present 
invention will be mentioned as an example of using the epoxy compositions of the instant 
invention. At first, a positive type photosensitive epoxy resin composition of the present 
invention which has been diluted with an organic solvent is coated onto a single layer or 
multilayer type circuit substrate on which a pattern has previously been fabricated, up to a 
thickness not smaller than the thickness of conductor circuit, namely up to a thickness of 
10-100 urn, under a yellow- or red-colored light Thereafter, the coated matter is 
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preliminarily dried at 60°C to 90°C. It is the object of the preliminary drying to prevent the 
photomask from adhesion to interiaminar insulating layer at the time of irradiation with 
active energy beam. By irradiating an active energy beam through a photomask, the 
photosensitive acid generator is activated and the imidazole compound is inactivated. 
Subsequently, the heat curing step (I) is practiced to cure the unexposed area. Then, the 
exposed area is dissolved and eliminated with a developer, for instance an organic solvent, 
the residue is rinsed, and then the heat curing step (II) is practiced to form a via-carrying 
insulating layer. Preferable condition of the heat curing step (I) is 95-120°C for 30-120 
minutes, and preferable condition of the heat curing step (II) is 130-200°C for 30-480 
minutes. In the multilayered circuit board of buildup mode using the composition of the 
present invention, a plurality of interiaminar insulating layers are formed in succession, due 
to which the layers are different from one another in heat history. For the purpose of 
lessening the differences in heat resistance, flexibility and adhesive property between the 
layers due to the difference in heat history, the heat curing step (II) may be divided into two 
sub-steps. For example, air the layers are heat-cured and formed at 150°C for 60 minutes, 
and thereafter all the layers are heat-cured at 180°C for 240 minutes. The term "cure" 
herein used means a process of transformation during which a composition of the present 
invention which is originally soluble in a suitable solvent or fusible upon heating is 
transformed into an insoluble and infusible 3-dimensional crosslinked product through a 
process of heating. 

In the next step, resin surface of interiaminar insulating layer and inner wall of via 
holes are subjected to a roughening treatment for the purpose of removing the scum from 
the bottom of via holes and improving the adhesion between copper plating layer and 
interiaminar insulating layer in the subsequent plating step. As the method for the 
roughening treatment, mechanical grinding methods such as buffing, sand blasting, jet 
scrubbing, etc.; plasma etching treatment; and chemical treatments using an oxidant such 
as potassium permanganate, sodium permanganate, potassium bichromate, ozone, 
hydrochloric acid, nitric acid, sulfuric acid-hydrofluoric acid, etc. can be used. In carrying 
out the roughening treatment of interiaminar insulating layer using an oxidant, the surface of 
the interiaminar insulating layer is preferably swollen with an organic solvent such as N- 
methyl-2-pyrrolidone, N.N-dimethylformamide, dimethylacetamide, dimethyl sulfoxide, 
methoxypropanol, -butyrolactone or the like prior to the treatment Subsequently, a 
conductor layer is formed by eledroless plating and/or electrolytic plating. Thickness of the 
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electroless plating layer is 0.2 to 3 urn, and thickness of the electrolyti^ating layer is 5 to 
30 urn. After formation of the conductor layer, an annealing treatment is carried out at 130- 
200°C for 10 to 60 minutes for the purpose of stabilizing the plating layer. A conductor 
circuit can be formed according to known method. For example, a photosensitive etching 
resist is applied onto the plating layer, the resist is exposed to light through a mask having a 
circuit pattern, and then development is carried out to form a pattern. The copper in the 
opening part of etching resist formed by development is etched. with an acid to form a 
copper pattern. Then, the etching resist is peeled off to form a conductor circuit. 
Alternatively, after applying an electroless plating catalyst onto the intertaminar insulating 
layer, a plating resist having a pattern inverse to that of conductor layer is formed. If 
desired, a conductor circuit may be formed by electroless plating only. 

By repeating the above-mentioned procedure several times, a multilayered printed 
circuit board in which a plurality of buildup layers are laminated can be obtained. 

As the inner layer circuit substrate onto which the positive type photosensitive epoxy 
resin composition of the present invention is coated, epoxy substrate, polyester substrate, 
polyimide substrate, BT resin substrate, ceramic substrate, thermosetting PPE substrate 
and the like can be used. Although these inner layer circuit substrates may be made of a 
brominated resin, they are preferably made of non-brominated resin having a flame- 
retarding construction. As the reinforcing material, glass fiber, aramide fiber and the like are 
preferable. The surface of conductor is preferably subjected to a roughening treatment 
previously in order to improve the adhesion between the conductor surface and intertaminar 
insulating layer. As the method of roughening, a method of forming needle-like crystals on 
. the conductor surface by an oxidation treatment (blackening treatment) and thereafter 
subjecting the excessively grown needle-like crystals to a reductive treatment, a method of 
micro-etching using a mixed solution of an organic acid and a cupric complex compound, a 
method of needle-like alloy plating using copper/nickel/phosphorus system, etc. can be 
referred to. 

The irradiation of the positive type photosensitive resin composition of the present 
invention, namely the step of exposure, is preferably carried out by using radiation of a 
wavelength of 250 to 600 nm, and the quantity of energy Is preferably 150 to 8.000W. The 
light source which can be used are, for example, xenon lamp, argon lamp, tungsten lamp, 
carbon arc, metal halide and metal arc lamp (low pressure, medium pressure, high pressure 
and ultra-high pressure mercury lamps) or suitable lasers. Preferably, metal halide and 
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metal arc lamp are used. aH^io irradiation, the composition is heaflled by means of 
usual hot air circulating furnace. When a short time period of heating or a short time period 
of reaction is required, IR-irradiation, IR-laser or microwave apparatus may be used, if 
desired. 

For coating the composition of the present invention, known methods such as spin 
coater method, roll coater method, screen coater method, die coater method, curtain coater 
method, spray coater method and the like can be used. The coating may be earned out 
multiple times for the purpose of obtaining a desired thickness of interiaminar insulating 
layer. In accordance with object which may be sometimes to smooth the surface or 
sometimes to fill up the via holes, other coating methods may be combined with the above- 
mentioned coating methods, and the coating may be carried out multiple times. 

Examples of the solvents which can be used at the time of development include 
organic solvents like ketones such as methyl ethyl ketone, methyl isobutyl ketone, 
cyclohexanone and the like; cellosolves such as cellosolve, butyl cellosolve and the like; 
carbrtols such as methyl carbitol, dimethyl carbitol, butyl carbitol and the like; carboxylic 
esters such as ethyl acetate, butyl acetate, cellosolve acetate, butyl cellosolve acetate, 
methoxypropyl acetate, carbitol acetate, butyl carbitol acetate, propylene carbonate, - 
butyrolactone and the like; alcohols such as butanol, methoxypropanol and the like; N- 
methyl-2-pym>lidone, N,N-dimethylformamide, and dimethylacetamide, or usual aqueous 
alkaline developers. Mixtures of two ore more of these solvents are also usable. 

The solvents which can be used for the rinsing include water; alcohols such as 
ethanol, isopropanol and the like; hydrocarbons such as hexane, cyclohexane and the like; 
and aromatics such as toluene, xylene and the like. 

Examples 

Next, the present invention is explained in more detail by referring to examples. The 
invention is by no means limited by these examples. 

Table 1 illustrates details of the epoxy resin, triazine ring-containing modified phenolic 
resin, imidazole compound and photosensitive acid generator used in the Examples and the 
phenolic resin used in the Comparative Examples. 

Table 2 illustrates Examples, and Table 3 illustrates Comparative Examples. 

After pr liminarily mixing the ingredients of Fluid A shown in Tables 2 and 3, the 
mixture was kneaded by means of wet beads mill and filtered by means of a 10 urn filter. 
The ingredients of Fluid B were heated to form a solution and then tilt red by means of a 10 
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jim filter. Then, Fluid A and Fluid B were mixed together and used for the tests of 
Examples and Comparative Examples. 

1) Heat resistance test 

A mixture of Fluid A and Fluid B was coated by means of a curtain coater onto a non- 
brominated flame-retardant epoxy/glass substrate carrying a conductor circuit of 0.8 mm 
thick which had been subjected to a blackening-reduction treatment, so as to give a dry 
coating thickness, on conductor, of 30 urn. After drying the coat at 25°C for 15 minutes 
under an air stream, the dried coat was further dried in a hot air circulating furnace at 80°C 
for 15 minutes. After cooling the coated substrate, backside of the substrate was coated so 
as to give a dry coating thickness, on conductor, of 30 urn, dried under an air stream at 25° 
C for 15 minutes and then dried in a hot air circulating furnace at 80°C for 30 minutes. 
Then, ultraviolet ray having a wavelength of 365 nm was irradiated through a photomask at 
a dosage of 1,000 mJ/cm 2 , after which the heat-curing step 0) was carried out at 105°C for 
60 minutes. After cooling the test piece to ambient temperature, (I) was carried out, - 
butyrolactone was sprayed for 1 .5 minutes and then water was sprayed for 20 seconds. 
After development and rinsing, the heat-curing step (II) was earned out first at 150°C for 60 
minutes and then at 180°C for 120°C. 

The test piece was dipped in a solder bath at 260°C for 10 seconds according to the 
testing method of JIS C6481, and then the test piece was examined for swelling and 
cracking. 

A: No change at all 

B: A slight change noticeable 

C: A marked change noticeable 

D: Swelling and cracking noticeable in the interiaminar 
insulating layer 

2) Resolution 

Each of the compositions of Examples and Comparative Examples was coated onto a 
blackened and reduced substrate by means of a curtain coater so as to give a dry coating 
thickness of 50 urn, dried under an air stream at 25°C for 15 minutes, and then dried in a 
hot air circulating furnace at 80°C for 30 minutes. After cooling the coated matter to 
ambient temperature, ultraviolet ray having a wavelength of 365 nm was irradiated through 
a photomask at a dosage of 1 ,000 mJ/cm 2 , and then the heat curing step (I) was carried out 



-15- 



at 105°C for 60 minutes. After cooling the test piece to ambient temperature, - 
butyrolactone was sprayed for 1.5 minutes and then water was sprayed for 20 seconds, 
after which development and rinsing were carried out Then, the heat-curing step (II) was 
carried out first at 150°C for 60 minutes and thereafter at 80°C for 120 minutes to cure the 
test piece. Then, via hole formability at the opening part of photomask having a diameter of 
70 |xm was examined. 

A: Via hole having a diameter of 70 urn was formed, and 

development reached the bottom of via hole. 
B: Via hole having a diameter of 70-100 |im was formed, 

and development reached the bottom of via hole. 
C1: Via hole having a diameter of 40 \im or less was 
formed, and development did not reach the bottom of 
via hole. 

C2: Via hole having a diameter of 100 }im or above was 

formed, and the surface was tacky after development 
D1: The exposed area also cured, and no via hole was 

formed. 

D2: After development, the unexposed area was also 
found to be developed. 
3) Flame retardance test 

Copper was etched off from both sides of a non-brominated flame-retardant 
epoxy/glass substrate having a thickness of 0.8 mm. Then the substrate was coated so as 
to give a dry coating thickness of 40 and dried under an air stream at 25°C for 15 
minutes and then in a hot air circulating furnace at 80°C for 15 minutes. After cooling the 
test piece to ambient temperature, the backside was coated so as to give a dry coating 
thickness of 40 iim, and dried under an air stream at 25°C for 15 minutes and then in an 
hot air circulating furnace at 80°C for 30 minutes. The above-mentioned procedure was 
again repeated, as a result of which the total thickness of dry coatings on one side came to 
80 |im. Then, the heat-curing step (I) was carried out at 105°C for 60 minutes, and 
thereafter the heat-curing step (ll)was carried out first at 150°C for 60 minutes and then at 
180°C for 120 minutes to cure the test piece. 
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Flammability of the test piece was examined and judged according to the description 
of Underwiters Laboratories: "Test for Flammability of Plastic Materials, UL-94". 
4) Processability 

A cold-rolled steel plate having a thickness of 0.8 mm which had been defatted with 
cyclohexanone and acetone was coated by means of a bar coater so as to give a dry 
coating thickness of 30 pm, dried under an air stream at 25°C for 15 minutes, and then 
dried in a hot air circulating furnace at 80°C for 30 minutes. Then, the heat-curing step (I) 
was earned out at 105°C for 60 minutes, and the whole area was irradiated with an 
ultraviolet ray having a wavelength of 365 nm at a dosage of 1,500 mJ/cm 2 . Then, the 
heat-curing step (II) was carried out first at 150°C for 60 minutes and thereafter at 180°C for 
120 minutes to cure the test piece. Elongation of the test piece was measured by means of 
Erichsen tester. 
[Effect of the Invention] 

According to the method of the present invention, a multilayered printed circuit board 
of buildup mode superior in resolution, heat resistance, flexibility and electrical insulating 
property and capable of exhibiting a flame retardance without using any of brominated resin 
and antimony compound can be obtained in a high productivity. 



-17- 




-18- 



«f CO 
• * 

H 



• ■ • • 



«*C0 Ol 



IAO 
H 



• • • • • 
r* ooohci 



omo 
• • « 

WON 



o in o 
• • • 

(SON 



in 



0\HNNr*o csmo 

OOOOHN HON 



in ffiHNNh h mo 

• • • • 

H ON 



in oiHNNr*oH mo 
• ••••»•• 

l«) OOOOHNH ON 



in o\HNNr* oh mo 

• «•••••• 

CO OOOOHNH ON 

H H -4 



m m a cd m ft M >irt 
© © © © 




5 



» • 
o SO 
H 



<n too 
• • • 



5 



O<0 



*»0 

t • 



01 
t 
N 
H 



<*o 

t # 
N O VD 
rl 



N 
H 



• • 

o\x> 
H 



01 €0 




© © m 

H-H N N M 

mil 



© 




s 




a 


8 






CO 


•H 


© 






1 












CO 






S 


2 



M 

hiss 

-H 0 M p> 

m 



g 
o 



I 



H 



3 



8 



to 



552 

o o 3 

flJ o © 
*J ©*H -W 

23.3 1 



9 fi W 0k A 



CO © 



-19- 



fO 



in 
■ 

<o 



in 



in 



in 

CO 



in 



otHNdr*om 
• •••••• 

OOOOHCtCN 
H H 



mo 
■ • 

ON 



*0 

• • • 
N OVO 



oiHMdhOH mo 

• •••••• • • 

OOOOHdO ON 



»#••••• 
OOOOHdH 
H H 



OvHNNr^Ort 

OOOOHNH 
H H 



t 

OOOOHMH 



• «••••• 
OOOOH(NH 
H H 



mo 



OCN 



mo 
• ♦ 
on 



mo 

ON 



mo 
• • 
ocs 




dd fldd9itfS3 

QQ QQQH M Stf 6 3 _ 
© © m o q) 5 g» 3HH^ 

H *i 0«H tt cd (0 N„ 

mpts!ihi*j 

sssaaaa 



lilt 

H H 4J & 



0\ 
N 



N 
H 



N 
H 



«*o 

• • 
OIO 
H 



o> voo 



N*D 
H 



HO 
• « 

ovo 

H 



*o 

• • 

ovo 

H 



0*0 
H 



■ (9 (0 

a s a <d 
o 3 a u 

pood 

0 9 U 
0 flHH r 

•hSoo 

i*h r - 




u a 



N . H 



N 





H 4i O-H Q 



-20- 



What is claimed is: 

1 . A positive type photosensitive epoxy resin composition comprising (a) an epoxy 
resin having two or more epoxy groups in one molecule, (b) a modified phenolic resin 
having a triazine ring, (c) a latent basic curing agent and (d) a photosensitive acid 
generator. 

2. The positive type photosensitive epoxy resin composition claimed in Claim 1 , 
wherein the latent basic curing agent is an imidazole compound. 

3. The positive type photosensitive epoxy resin composition claimed in Claim 1 , 
wherein 10 to 90% by weight of said epoxy resin is occupied by a Bisphenol A type epoxy 
resin having an epoxy equivalent of 400 to 1 ,000 g/mol and a softening point of 40 to 100° 

C. 

4. The positive type photosensitive epoxy resin composition claimed in Claim 1, 
wherein 2 to 15% by weight of said epoxy resin is occupied by a Bisphenol A type epoxy 
resin having an epoxy equivalent of 175 to 210 g/mol and being in a liquid state at normal 
temperature. 

5. The positive type photosensitive epoxy resin composition claimed in Claim 1, 
wherein 5 to 20% by weight of said epoxy resin is occupied by a novolac type epoxy resin 
having an epoxy equivalent of 175 to 230 g/mol. 

6. The positive type photosensitive epoxy resin composition claimed in Claim 1, 
wherein 20 to 80% by weight of said epoxy resin is occupied by an epoxy resin having an 
oxazolidone ring in the molecule thereof which is a reaction product between an epoxy resin 
and a diisocyanate. 

7. The positive type photosensitive epoxy resin composition claimed in Claim 6, 
wherein said epoxy resin having an oxazolidone ring In the molecule thereof has an epoxy 
equivalent of 230 to 500 g/mol, ah oxazolidone ring equivalent of 400 to 1 ,300 g/mol and a 
softening point of 50°C to 120°C. 
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8. The positive type photosensitive epoxy resin composition claimed in Claim 1 , 
wherein said modified phenolic resin having a triazine ring is a condensate of a phenol 
compound, a compound having a triazine ring and an aldehyde. 

9. The positive type photosensitive epoxy resin composition claimed in Claim 1 f 
wherein said modified phenolic resin having a triazine ring has a phenolic hydroxy! 
equivalent of 120 to 300 g/mol f a softening point of 80°C to 150 Q C and a nitrogen content 
of 4 to 25% by weight 

10. The positive type photosensitive epoxy resin composition claimed in Claim 9, 
wherein said modified phenolic resin having a triazine ring has a phenolic hydroxyl 
equivalent of 150 to 250 g/mol, a softening point of 90°C to 140°C and a nitrogen content 
of 15 to 25% by weight 

11. The positive type photosensitive epoxy resin composition claimed in Claim 1, 
wherein 0.2 to 0.8 equivalent of phenolic hydroxyl group of the modified phenolic resin is 
compounded with one equivalent of epoxy group of the epoxy resin. 

12. The positive type photosensitive epoxy resin composition claimed in Claim 11, 
wherein 0.2 to 0.5 equivalent of phenolic hydroxyl group of the modified phenolic resin is 
compounded with one equivalent of epoxy group of the epoxy resin. 

13. The positive type photosensitive epoxy resin composition claimed in Claim 1, wherein 
0.01 to 0.10 equivalent of an imidazole compound is compounded with one equivalent of 
epoxy group of an epoxy resin. 

14. The positive type photosensitive epoxy resin composition claimed in Claim 13, 
wherein 0.015 to 0.04 equivalent of an imidazole compound is compounded with one 
equivalent of epoxy group of an epoxy resin. 
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1 5. The positive type photosensitive epoxy resin composition claime Jm Claim 1 , wherein 
said photosensitive acid generator is an iron arene complex compound represented by the 
following formula: 

[R 1 (Fe D R 2 )] + P<r 

wherein R 1 is a rc-arene and R 2 is a jr-arene or a n-arene anion. 



16. The positive type photosensitive epoxy resin composition claimed in Claim 1 , wherein 
equivalent ratio of said photosensitive acid generator is 0.2 to 1.4 equivalents per 
equivalent of the imidazole compound. 

17. The positive type photosensitive epoxy resin composition claimed in Claim 16, 
wherein equivalent ratio of said photosensitive acid generator is 0.40 to 95 equivalents per 
equivalent of the imidazole compound. 

1 8. A printed circuit board comprising an insulating layer prepared with the aid of a 
positive type photosensitive epoxy resin composition according to Claim 1. 

19. . A printed circuit board as claimed in Claim 18 which is a multilayered printed 
board of buildup mode and comprises at least one interiaminar insulating layer prepared 
with the aid of a positive type photosensitive epoxy resin composition according to Claim 1 . 

20. A method for forming an insulating layer characterized by coating a substrate 
with a positive type photosensitive epoxy resin composition comprising (a) an epoxy resin 
having two or more epoxy groups in one molecule, (b) a modified phenolic resin having a 
triazine ring, (c) an imidazole compound and (d) a photosensitive acid generator, followed 
by a step of preliminary drying at a temperature not higher than the temperature at which 
the subsequent heat curing step (I) is to be carried out, a step of imagewise irradiating the 
coating with an active energy beam, a heat curing step (I), a step of dissolving and 
eliminating the exposed area, and an additional heat curing step (II). 

21 . The method for forming aninsulating layer claimed in Claim 20, wherein the 
temperature of the heat curing step (I) is 95°C to 120°C, and the temperature of the heat 
curing step (II) is 130°C to 200°C. 
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22. The method claimed in Claim 20, wherein the dissolving and eliminating of the 
exposed area is carried out with an organic solvent 

23. The method claimed in claim 1 , wherein the insulating layer is an interiaminar 



